Background: Calgranulin C (S100A12) is an innate immune peptide at the air-mucosal interface associated with neutrophil involvement, which when overexpressed has been implicated as a biomarker of inflammatory diseases. Decreased epithelial expression of certain innate immune peptides has been reported in chronic rhinosinusitis (CRS). We hypothesized that S100A12 is differentially expressed in the sinonasal mucosa of patients with CRS compared to controls and that S100A12 is a potential biomarker of CRS-specific quality of life (QOL) and disease severity. Methods: A prospective observational study was conducted which included 70 patients: 17 controls, 28 having CRS without (CRSsNP), and 25 with (CRSwNP) nasal polyps. The expression of S100A12 and human neutrophil elastase (HNE) was assessed in the anterior ethmoid tissues from all patients using enzyme-linked immunosorbent assay (ELISA) and immunohistochemical (IHC) analyses. Disease-specific QOL (Rhinosinusitis Disability Index) and disease severity (computed tomography [CT] and endoscopy) were evaluated and correlated to the expression levels of S100A12. Results: S100A12 and HNE were significantly elevated in patients with CRSsNP compared to normal controls (P <.05 and P <.001, respectively) and patients with CRSwNP (P <.05 and P <.001, respectively), as measured by ELISA and IHC analyses. Patients with CRS exhibited worse CRS-specific disease severity compared to normal controls (P <.05), and the increased protein levels of S100A12 were significantly correlated to disease severity, represented by CT scores (P <.05). Conclusions: S100A12 is differentially expressed in CRS subtypes and is significantly elevated in patients with CRSsNP and associated with CRS-specific disease severity.
Introduction
There is a growing interest in characterizing innate immune mediators in chronic rhinosinusitis (CRS) to understand its underlying pathophysiology.
(RAGE). 7, 8 Increasing evidence suggests that PRRs serve pivotal roles in CRS, [9] [10] [11] as PRRs expressed at the mucosal surface act as immune rheostats, controlling the input-output responses at the mucosal-air interface. Therefore, defining which molecules activate PRRs and contribute to the inflammation in CRS would help further classify the disease with its associated risk factors and provide insight to its pathogenesis.
Calgranulins are calcium-binding S100 proteins that are secreted from neutrophils, macrophages, and damaged cells [12] [13] [14] [15] and known ligands of RAGE. 16, 17 Binding to RAGE by S100 proteins leads to numerous cellular outcomes that include the activation of TLR-4-mediated signaling in human inflammatory diseases such as asthma and cystic fibrosis. [18] [19] [20] [21] The S100 proteins have been investigated for their expression and antimicrobial effects and roles in sinonasal epithelial barrier function within the context of CRS. 22 Increased levels of S100A8/9 have been observed in the nasal polyp tissues from patients with CRS with nasal polyps (CRSwNP) compared to control patients 23 and to those measured in inferior turbinate and uncinate tissues from patients with CRS without nasal polyps (CRSsNP). 22 The upregulation of S100A8/9 in nasal polyp tissue was significantly correlated to elevated human neutrophil elastase (HNE) expression, 22 as well as in response to interleukin 6 (IL-6) stimulation, 24 both important biomarkers involved in Th1-driven inflammation. Contrastingly, the increased expression of S100A7 in the uncinate tissues from patients with CRSsNP compared to those from CRSwNP has been reported.
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S100A12 is an important stimulus for PRRs, is a biomarker in chronic inflammatory diseases, 12, 25, 26 has been shown to induce edema, and is a potent chemoattractant for neutrophils, mast cells, and monocytes. 25, [27] [28] [29] [30] [31] These data suggest that S100 proteins are differentially expressed in subtypes of CRS and that their expression and function are dependent on the local tissue environment; however, the role of S100A12 in CRS has yet to be evaluated.
Our objectives were to quantitate the expression of S100A12 in patients with CRSsNP and CRSwNP and to determine whether differences in S100A12 expression associate with CRS-specific quality of life (QOL) and disease severity. We hypothesized that S100A12 is differentially expressed in the sinonasal mucosa of patients with CRS compared to controls and that S100A12 is a biomarker of CRS-specific QOL and disease severity.
Materials and Methods

Patients and Tissue Samples
Patients were recruited from the Rhinology-Sinus and Skull Base Program at the University of Utah (Salt Lake City, UT) with approval from the institutional review board. Inclusion criteria included adult patients (>18 years) diagnosed with symptomatic refractory CRSsNP or CRSwNP who had elected to undergo endoscopic sinus surgery (ESS). 32 Patients diagnosed with recurrent acute rhinosinusitis (RARS), autoimmune disease, Wegener's granulomatosis, and those on oral steroid therapy within 2 weeks of surgery were excluded from the analysis. Patients without a history of CRS, RARS, and previous ESS electing to undergo endoscopic transsphenoidal approaches to the pituitary gland or nasal obstruction surgery were enrolled as normal control patients. After obtaining an informed consent, each patient provided demographic, social, and medical history data including age, gender, race, asthma, allergies (test confirmed), acetyl-salicylic acid (ASA) intolerance, current tobacco use, and previous sinus surgeries. All study patients underwent standard clinical examinations consisting of a medical history, head and neck physical evaluation, computed tomography (CT) imaging, and sinonasal endoscopy.
Sinonasal tissue specimens ($2-4.0 mm 2 ) were removed from the polypoid mucosa in the anterior ethmoid sinus cavity during ESS. A portion of tissue was fixed in 4% formalin for histology, and a second portion of tissue was flash frozen or immersed in RNAlater 
Reagents and General Supplies
All reagents, general supplies, and protein standards used for histochemical and biochemical analyses were obtained from Fisher Scientific (Hampton, NH) unless specified.
Sinus Tissue Preparation for Immunohistochemical Analysis
Sinonasal tissues were fixed with 4% formalin (Ted Pella, Redding, CA) for 24 h and dehydrated through immersion in ethanol (70%, 95%, and 100%, 2 Â 5 min) and xylene (2 Â 10 min). Tissues were embedded into paraffin, cut into 4-mm-thick sections, and fixed to microscope slides for further examination.
Immunohistochemical Analysis of S100A12 and HNE
Sinonasal tissues were deparaffinized in xylene (3 Â 10 min) and rehydrated in ethanol (100%, 95%, and 70%; 2 Â 5 min) and ddH 2 O (2 Â 5 min). Unless stated, all reagents were obtained from and used as recommended by Vector Laboratories (Burlingame, CA). Heated antigen retrieval was performed in citrate buffer (pH 6.0), and tissues were blocked in BLOXALL and first incubated with rabbit antihuman S100A12 
Sinus Tissue Homogenate Preparation for Enzyme-linked Immunosorbent Assays
Frozen anterior ethmoid tissues were slowly thawed on ice, added to bead homogenizing tubes, weighed, and diluted with 200 to 500 lL of phosphate-buffered saline containing 20% glycerol and a protease inhibitor cocktail (Promega; Madison, WI) depending on the weight of the tissue. The tissues were homogenized for 6 Â 30 s using a BeadBug homogenizer (Benchmark Scientific, Edison, NJ), followed by centrifugation (10 000 rpm, 10 min) at 4 C. The supernatants were collected and subjected to total protein determination via the Bradford Protein Assay (Bio-Rad, Hercules, CA) using a Tecan Infinite V R 200 PRO plate reader (M€ annedorf, Switzerland).
S100A12 and HNE Protein Quantification by Enzyme-linked Immunosorbent Assays
The protein levels of S100A12 and HNE in the anterior ethmoid homogenates of control patients and patients with CRSsNP and CRSwNP were assayed using commercially available sandwich enzyme-linked immunosorbent assay (ELISA) kits (Abcam). A Tecan Infinite V R 200 PRO plate reader (M€ annedorf) was employed to detect colorimetric changes, and S100A12 and HNE concentrations were normalized to total protein concentration for each sample. Statistical outliers were eliminated.
Disease-specific QOL Measures
Patients completed the Rhinosinusitis Disability Index (RSDI), which is a 30-item questionnaire used to assess the impact of CRS on a patient's physical, functional, and emotional status. 33 Total RSDI scores ranged from 0 to 120, with scores on each domain ranging from 0 to 44 (physical), 0 to 36 (functional), and 0 to 40 (emotional). Lower total and subdomain scores indicate a better QOL.
Objective Measures Assessment of Disease Severity
The Lund-Mackay bilateral scoring system was used to evaluate and stage CT images, with higher scores indicating a higher severity of disease (range: 0-24). 34 Endoscopic examinations were scored using the LundKennedy endoscopy staging system, which quantifies the bilateral severity of nasal polyps, crusting, scarring, edema, and discharge. 35 Total endoscopic scores range from 0 to 20, with higher scores representing worse disease severity.
Statistical Analysis
Categorical variables were summarized by count (%) and continuous variables by mean (standard deviation [SD]) or median (interquartile range) and stratified by diagnostic group (CRSsNP, CRSwNP, and control). Analysis of variance and Tukey's post hoc tests were employed to compare continuous variables across groups due to the distributions appearing approximately normal and exhibiting homogeneous variances according to the Bartlett's test (P > .05). Spearman's correlation was used to compare S100A12 and HNE levels with QOL, and disease severity measures in the CRSsNP, CRSwNP, and control groups, and 95% confidence intervals were reported. Significance was evaluated at the .05 level, and all tests were 2-tailed. Statistical analyses were conducted using StrataCorp Strata Statistics software (Version 14.1; College Station, TX).
Results
Cohort Characteristics
Seventy patients were prospectively enrolled and categorized into 3 study groups: CRSsNP (n ¼ 28), CRSwNP (n ¼ 25), and normal control patients (n ¼ 17). Baseline characteristics of each group are presented in Table 1 . No significant differences were found between groups for the following demographics: gender, race, ethnicity, asthma, allergy, and previous sinus surgeries, whereas a significant difference was found between patients with CRS and control patients for ASA sensitivity (P ¼ .011).
Evaluation of S100A12 and HNE in Sinonasal Homogenates
The protein expression of S100A12 and HNE was, respectively, evaluated in 68 and 58 sinonasal tissue homogenates using ELISAs. A significant increase in S100A12 levels was demonstrated in CRSsNP tissue homogenates (344.27 AE 283.03 pg/mg protein; P < .05) when compared to normal controls (181.57 AE 126.95 pg/mg protein) and the CRSwNP group (178.33 AE 147.70 pg/mg protein; P < .05) (Figure 1(a) ). Similarly, a significant increase in HNE levels was measured in the tissue homogenates from patients with CRSsNP (58.25 AE 53.00 ng/mg protein; P < .01) compared to normal controls (8.98 AE 8.38 ng/mg protein) and the CRSwNP group (6.61 AE 9.35 ng/mg protein; P < .01) (Figure 1(b) ). Regression analysis demonstrated a positive correlation between the levels of S100A12 and HNE in CRSsNP (r 2 ¼ .34, not significant, data not shown) and a significant negative correlation in CRSwNP (r 2 ¼ À.83, P < .01) (Figure 1(c) ).
Examination of S100A12 and HNE in Sinonasal Tissues
We performed immunohistochemical (IHC) analysis of anterior ethmoid biopsies from normal control patients and patients with CRSsNP and CRSwNP. Consistent with the ELISA data, increased S100A12 (brown) and HNE (dark gray) staining were observed within the mucosa and Bowman's glands of patients with CRSsNP compared to those from normal controls and patients with CRSwNP, which qualitatively showed similar S100A12 and HNE levels ( Figure 2 ).
S100A12 and Chronic Rhinosinusits QOL and Disease Severity
Mean differences in disease-specific QOL (measured by the RSDI) and disease severity (measured by CT and endoscopy) across the 3 study groups are shown in Table 2 . Differences were found for the RSDI physical domain and RSDI total score, with post hoc tests showing CRS patients scoring higher than control patients, although not significant. Regression analysis demonstrated a significant correlation between the levels of S100A12 and disease severity, represented by CT scores (r 2 ¼ .51, P < .05) with no significant correlations between S100A12 and CRS disease-specific QOL measures (Table 3 ). Quantitative comparisons of S100A12 and HNE protein levels in the anterior ethmoid tissue homogenates collected from normal control patients and from patients having CRSsNP and CRSwNP. Enzyme-linked immunosorbent assays demonstrate significant increases in (a) S100A12 (normal vs CRSsNP: P <.05; CRSsNP vs CRSwNP: P <.05) and (b) HNE (normal vs CRSsNP: P <.01; CRSsNP vs CRSwNP: P <.01) expression in patients with CRSsNP compared to controls and patients with CRSwNP. (c), Regression analysis shows a significant negative correlation between the levels of S100A12 and HNE in CRSwNP (r 2 ¼ À.83, P <.01). CRSsNP, chronic rhinosinusitis without nasal polyps; CRSwNP, chronic rhinosinusitis with nasal polyps; HNE, human neutrophil elastase; NS, not significant. Abbreviations: ASA, acetyl-salicylic acid; CRSsNP, chronic rhinosinusitis without nasal polyps; CRSwNP, chronic rhinosinusitis with nasal polyps. *P <.05.
Discussion
The sinonasal mucosa of patients with CRSsNP is predominantly characterized by neutrophil infiltration and Th1-associated cytokines, whereas CRSwNP pathology is marked by eosinophil infiltration and a Th2-biased cytokine profile. 36, 37 Differences in inflammatory mediators between CRSsNP and CRSwNP suggest that these conditions may have differing underlying eitologies. The current literature suggests that S100 proteins have pleitropic activity and balance the Th1/Th2 response at the transcription level. 38 Calprotectin (S100A8) levels have Figure 2 . Immunohistochemical analyses of S100A12 (brown) and HNE (dark gray) illustrate increased signal in the mucosa and Bowman's glands of anterior ethmoid tissues from patients with CRSsNP compared to normal controls and patients with CRSwNP. CRSsNP, chronic rhinosinusitis without nasal polyps; CRSwNP, chronic rhinosinusitis with nasal polyps; HNE, human neutrophil elastase. Abbreviations: CRSsNP, chronic rhinosinusitis without nasal polyps; CRSwNP, chronic rhinosinusitis with nasal polyps; CT, computed tomography, RSDI, Rhinosinusitis Disability Index; SD, standard deviation. *P <.05. Abbreviations: CI, confidence interval at 95%; CRSsNP, chronic rhinosinusitis without nasal polyps; CRSwNP, chronic rhinosinusitis with nasal polyps; CT, computed tomography; r s , Spearman correlation coefficient; RSDI, Rhinosinusitis Disability Index; *P <.05.
been correlated with increased expression of interferon gamma, 39 whereas S100A9 enhances IL-1b secretion, which is abrogated by priming with Th2 cytokines. 40 Contrastingly, S100A8/A9 is upregulated in the lung and skin of respective patients with asthma 41 and chronic atopic dermatitis, both of these conditions are associated with Th2-type cytokines including IL-5, IL-13, and IL-4. 38 Our biochemical and IHC studies demonstrate that S100A12 and HNE are significantly increased in patients with CRSsNP compared to controls and that patients with CRSwNP had similar S100A12 levels to those of controls. A possible mechanism that supports a role for S100A12 in CRSsNP is its activation of RAGE by ligation. 42 RAGE-S100A12 interactions (EN-RAGE) produce a host of pro-inflammatory responses, such as those coordinated by mitogen-activated protein kinases, nuclear factor kappa-light-chain-enhancer of activated B cells, and reactive oxygen species, and may thus be important for the inflammation seen in patients with CRS. 7, 43, 44 RAGE also stimulates tumor necrosis factor-alpha (TNFa) and IL-1b production in monocytes and endothelial cells 21 but does not activate cytokins that favor a Th2-type response. 31 TNFa upregulates S100A12 in neutrophils and monocytes/macrophages, representing an important feedback loop in chronic inflammation. These data suggest that S100 proteins may have a propensity toward a Th1-type response, which would explain the elevated levels of both S100A12 and HNE observed in patients with CRSsNP compared to patients with CRSwNP.
Previous studies by Tieu et al. and Van Crombruggen et al. have reported that S100A8/A9 is significantly elevated in the nasal polyp tissues of patients with CRSwNP compared to controls and patients with CRSsNP. The observed differential expression of S100A8/A9 in CRSwNP was suggested to result from enhanced binding affinity to negatively charged proteoglycans and other extracellular matrix molecules associated with increased tissue remodeling, commonly seen in polyp tissue. 23 These authors also postulate that the upregulation of S100A8/A9 in polyp tissue may be in repsonse to combating Staphyloccocus aureus infection, a large contributor to the pathophysiolgy of CRSwNP. In this study, we compare the levels of S100A12 in anterior ethmoid tissues of patients with CRSsNP and CRSwNP, wherein the pathophysiolgy is different from that in polyp tissue. Further studies are warranted to understand how local tissue environment affects the differential release and accumulation of S100A12 as well as to define the association of S100A12 to specific Th1-or Th2-type phenotypes in CRS.
There has been a growing interest in the innate immune system in the context of CRS, as it is uniquely associated with the air-mucosal interface in the sinuses. A delicate balance of this system is needed, as uncontrolled signaling can result in chronic inflammation. 37 Innate immune system activation triggers the release of S100A12 from monocytes and granulocytes, 45 and in the case of autoinflammatory diseases, familial Mediterranean fever, and systemic-onset juvenile idiopathic arthritis, elevated serum and tissue levels of S100A12 correlate to disease activity. 46 In this study, we found a significant correlation between S100A12 levels in patients with CRSsNP and disease severity, supporting the potential role of S100A12 in the pathology and immune signaling of patients with CRSsNP. Further investigations are warranted to understand the role of S100A12 in sinonasal inflammation and how it mechanistically relates to disease severity, such as evaulating the expression and colocalization (EN-RAGE) of S100A12's known innate immune receptors, TLR-4 and RAGE. To explore the role of S100A12 signaling at the cellular level, functional response assays measuring the secretion of Th1-associated cytokines, IL-6, IL-8, IL-1b, and TNFa, from the anterior ethmoid tissues or airliquid interface cultures of control patients and patients with CRSsNP and CRSwNP upon S100A12 stimulation will be undertaken.
Limitations of this study include the sample size and the ability to obtain true normal control tissues. Even control surgical patients without a history of CRS are most likely to have a decreased QOL at the time of surgery, potentially attributing to the high RSDI scores and SD observed in this study.
Conclusion
This is the first translational study to examine the expression of S100A12 and its associations between HNE levels, QOL measures, and disease severity indices in patients with CRS. Significant increases in S100A12 and HNE expression were demonstrated in the sinonasal tissues from patients with CRSsNP compared to normal controls and patients with CRSwNP. Interestingly, there was a significant negative correlation between S100A12 and HNE levels in patients with CRSwNP, possibly due to the dominance of Th2-mediated pathology generally observed in these patients. Studies to quantify the levels of S100A12 in nasal polyp tissue and other sinus regions that may be directed by different pathways are underway, as previous studies have reported that the release and accumulation of S100 proteins S100A7, S100A8, and S100A9 are dependent on the local tissue environment. 22 
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